I
mplantation of a transjugular intrahepatic portosystemic shunt (TIPS) is a well established therapy for patients with portal hypertension complicated by refractory acute variceal haemorrhage, variceal rebleeding despite endoscopic therapy, and ascites unresponsive to diuretic therapy. [1] [2] [3] [4] [5] [6] Patients undergoing TIPS belong to a subgroup of patients with advanced stage liver disease and at least one episode of severe decompensation. These patients have a poor prognosis. 7 Since TIPS has been introduced, several factors predictive of poor survival have been recognised: hyperbilirubinaemia, hyponatraemia, episodes of hepatic encephalopathy without any triggering events, advanced liver disease, urgent TIPS placement, and non-alcoholic cirrhosis stadium Child C. [8] [9] [10] [11] [12] [13] A prognostic score accurately predicting survival after TIPS placement could stratify patients into those with a clear survival benefit and others who should probably not undergo TIPS placement. Many prognostic models for patients with cirrhosis have been developed. Currently, two scores are mainly used in clinical practice for patient counselling, clinical decision making, and stratifying risk in therapeutic trials.
The Child-Turcotte-Pugh (CPS) classification is by far the most widely applied and reported system as it is easy to use as a bedside test.
14 It contains five variables including serum levels of bilirubin and albumin, prothrombin time, ascites, and encephalopathy. The two clinical determinants are based on subjective assessment and can be altered by therapy. CPS divides patients into low (class A), intermediate (class B), and poor (class C) risk within 10 levels of difference between the least sick patient and the most advanced. While the development of the CPS classification was based on empiric assessment, many subsequent studies have shown that CPS is predictive in the assessment of prognosis in patients with liver disease. These studies demonstrated that each of the five individual clinical variables as well as the overall CPS classification had prognostic significance. 4 7 15-19 The difficulties and interobserver variability for the subjective parameters in the CPS classification led to the development of the "model for end stage liver disease" (MELD) score based on laboratory values only, which should be more objective and accurate than CPS.
Originally, the MELD score was developed for patients undergoing TIPS (TIPS-MELD score (TMS)). 20 It was then modified slightly to predict survival in patients with liver cirrhosis in general (MELD). 21 MELD is a continuous function of bilirubin, international normalised ratio (INR), and creatinine to predict short term (three months) survival rates and was derived by Cox proportional hazards regression analysis and validated in an independent patient sample. MELD appears to be reliable as a prognostic model for patients with end stage liver disease due to objective and readily available laboratory variables.
Both scores were shown to predict survival in patients undergoing TIPS.
The aim of the study was to compare the predictive power of CPS, MELD, and TMS in assessment of short term and overall survival after TIPS placement, to validate the original MELD formula with our patient data, and to assess the predictive value of the determinants used in the two prognostic scores.
PATIENTS AND METHODS
Five centres offer TIPS placement in Vienna, Austria (Allgemeines Krankenhaus, Kaiser-Franz-Josef Spital, Krankenanstalt Rudolfstiftung, Krankenhaus Lainz, and Donauspital). The list of patients who underwent TIPS from May 1991 to December 2001 was retrieved from the databases of the participating hospitals. Each individual hospital record was reviewed to verify the diagnosis and indication for TIPS, and to obtain all relevant clinical and laboratory data.
Elective TIPS placement was defined as TIPS performed for the prevention of variceal rebleeding or for treatment of refractory ascites. Patients in whom TIPS was performed for the control of active variceal bleeding after failure of two sessions of endoscopic therapy within a 24 hour period were designated emergency TIPS. Refractory ascites was defined as ascites that required paracentesis for control despite a sodium restricted diet and intensive diuretic therapy, consistent with the consensus statement. 22 The diagnosis of cirrhosis was confirmed by biopsy or was based on clinical, radiological, and laboratory findings. Prothrombin time, originally measured as per cent of an internal reference standard (Normotest; Nycomed), was converted to seconds and to INR using standard formulae. 23 Patients with hepatic encephalopathy did not undergo TIPS.
During the study period, 523 patients underwent TIPS implantation. Twenty two patients had emergency TIPS placement and were therefore excluded from the analysis. Patients with severe infection, malignant tumours, organic renal disease, or significant cardiopulmonary comorbidity were excluded from the analysis, as well as patients without cirrhosis 24 25 and those younger than 18 years (n=26). Thus a total of 475 patients were included in the analysis. Clinical and laboratory parameters were recorded within 72 hours before TIPS implantation (table 1) . Complete data were not available in all patients, due to variablilty in the quality of patient documentation or lack of data within 72 hours before TIPS implantation. The number of patients available for each analysis can be seen in table 1 and in the individual statistical analyses. In all patients in whom CPS was available, the MELD score could also be computed. Missing data were evenly distributed among the participating hospitals. The TIPS procedures were performed using standard techniques. 13 26 27 Patients were followed from their date of TIPS until death, liver transplantation, or study closure. Survival data of all patients included into the analyses (n=475) were obtained from the national death index (Statistik Austria) which keeps accurate and up to date records of all demographic data in Austria.
Statistical analysis
The starting time for all survival analyses was the date of TIPS procedure. Patients lost to follow up were censored at the last date known to be alive and patients undergoing orthotopic liver transplantation were censored at the date of transplantation.
To assess differences among subgroups (aetiology, indication, bilirubin, ascites, CPS, MELD) in survival time, log rank tests, the Mann-Whitney U test, and Kaplan-Meier analyses were performed. To obtain more precise results, statistical analysis was carried out using the Child-Pugh score and not the Child-Pugh stadium.
Multivariate analysis for survival
The main statistical analysis was a Cox proportional hazards regression model. To choose a small set of variables that adequately predicted survival, we used a stepwise Cox model. The significance level of entering or leaving the model was set at p=0.05. The candidate variables were the factors shown in table 2 (without CPS, TMS, or MELD because these scores are calculated by combinations of the individual variables listed) that were significant (p<0.05) in a univariate Cox model. To lessen the influence of extreme laboratory values, some quantitative variables were transformed to their natural logarithms. The variables yielded by the Cox model were available in more patients than entered the stepwise model and therefore a further non-stepwise model using only these variables was calculated to reduce the number of missing cases and to obtain more precise results.
Multivariate analysis for scores only
To compare the scores with each other in multivariate analysis, stepwise models using MELD, TMS, and CPS as independent variables for overall survival (Cox analysis) and for three month survival (logistic regression model) were performed.
Predictive power of MELD/CPS (ROC)
To compare the accuracy of the two scores as predictors of survival within one year after TIPS, the concordance c statistic (area under the receiver operating characteristic curve (ROC)) was calculated. This statistic may vary from 0 to 1, with 1 indicating perfect discrimination and 0.5 indicating what is expected by chance alone. For this analysis, death within 1, 3, or 12 months, respectively, was recorded as event. Patients who survived longer than these periods were recorded as nonevents; patients who had a shorter follow up were dropped from this analysis.
The method of DeLong and colleagues 28 was used to estimate significant differences between MELD and CPS. The concordance c statistic was applied for one month, three month, and one year survival. 
Validation of the original MELD formula
To validate the coefficients of the formula for calculating TMS, a non-stepwise Cox regression model was performed with "log(creatinine)", "log(bilirubin)", "log(INR)", and "cause of cirrhosis" as independent variables.
Other statistical tests 
RESULTS

Clinical outcome
A total of 319 patients underwent a TIPS procedure for prevention of variceal rebleeding and 102 for treatment of refractory ascites. In 54 elective TIPS patients the indication for TIPS placement could not be evaluated. Two hundred and thirty patients died during follow up, 75 within three months of TIPS placement, and 21 underwent liver transplantation. Median follow up was 5.2 years (range 0.003-9.7) and median survival was 4.6 years (range 0-7.8 years). The three month, one year, three year, and five year survival rates were 84%, 73%, 57%, and 48%, respectively (fig 1) . Over the years, the age of patients undergoing TIPS implantation (year of implantation×age, Spearman's correlation r=0.006) as well as the severity of disease (year of implantation×CPS, r=0.073), reflected by the CPS, did not change.
Survival according to disease aetiology or TIPS indication
Patients with alcoholic cirrhosis and virus related cirrhosis, the two main disease aetiologies, had similar survival rates (p=0.636) (fig 2A) . Patients undergoing TIPS for refractory ascites had significantly poorer survival than patients with variceal rebleeding (p=0.032) ( fig 2B) . They also had more advanced liver disease (Mann-Whitney U test, p<0.0001).
Survival according to CPS and MELD CPS divided patients into three classes with significantly different survival rates (p=0.001). The three month survival rates for CPS classes A, B, and C were 88%, 89%, and 62%, respectively ( fig 3A) . For classes A, B, and C, three year survival rates were 73%, 59%, and 46%, and five year survival rates 64%, 57%, and 36%, respectively. Overall survival did not differ between CPS classes A and B whereas survival of patients of class C was poorer (p=0.009) than that of patients of class B. Sixty per cent of patients with MELD >18 (n=17), the cut off for high risk patients in the MELD publication, 21 died within three months of TIPS placement and had a worse life expectancy (p=0.002) than patients with MELD <18 (fig 3B) . Patients with a MELD score of >14 had a median survival of <90 days. Patients with a CPS >11 also had a median survival <90 days.
Survival according to date of TIPS Dividing patients into two groups (group 1, n=229; group 2, n=246) according to date of TIPS (TIPS implantation before and after 1 January 1996) yielded similar survival rates for both groups (p=0.739).
Survival according to single determinants
Univariate analysis for overall survival
Increasing levels of serum creatinine, INR, bilirubin, age, TIPS for refractory ascites, and presence of refractory ascites significantly increased the risk of death. Decreased levels of serum albumin also increased the risk of mortality (table 2) .
Multivariate analysis for overall survival (Cox regression)
Serum creatinine (step 1), bilirubin (step 2), patient age (step 3), and intractable ascites (step 4) were independent predictors of survival (table 3) .
These variables were available in more patients than entered the stepwise model, and therefore a further nonstepwise model using only the independent predictors was Time (years) Survival distribution function calculated to reduce the number of missing cases. This yielded more precise results reflected by shorter confidence limits. In this analysis, the parameter estimate of creatinine was found to be much lower than in the stepwise model (0.84 v 0.55), and the regression coefficients for the other parameters changed slightly (table 3) .
Multivariate analysis for three month survival
For prediction of three month survival, no parameters other than those in the Cox regression were identified, and the weight of the variables changed only slightly compared with overall survival.
CPS versus MELD score
Multivariate analysis of CPS, TMS, and MELD as three month and overall survival predictors yielded MELD as a single independent predictor for overall (Cox analysis: parameter estimate 0.053, standard error 0.012, p<0.0001) as well as for three month survival (log rank test: parameter estimate 0.19, standard error 0.036, p<0.0001).
Model validation of CPS and MELD (c statistics)
The accuracy of the two scores for one month, three months, and one year survival was compared. The discrimination powers of MELD (c statistics: 0.73, 0.72, 0.66 for one month, three month, and one year survival) were not significantly different from the discrimination powers of CPS at the same time points (c statistics: 0.78, 0.70, 0.66). The area under the curves showed a decrease in the predictive value for both scores during follow up. The ROC for three month survival is shown in fig 4. Using a cut off of a predicted probability of death of 0.25 within three months, the sensitivity of MELD was 40%, specificity 90%, positive predictive value 46%, and negative predictive value 87%. Table 4 shows the use of the MELD model in our patients; with a MELD predicted mortality of 0-25%, 9.5% of patients died, whereas in the group with a predicted mortality of 75-100%, 60% died. Both a threshold of 14 for MELD and 11 for CPS had a specificity of 94% but a sensitivity of 34% for MELD and 33% for CPS.
Validation of the formula of Malinchoc and colleagues 20 We validated the original MELD formula by recalculating it using our patient data. Of the four variables included in the analysis (serum creatinine, bilirubin, INR, cause of cirrhosis), only creatinine and bilirubin correlated significantly with survival. The regression coefficient entered into our formula was lower for creatinine (0.55 v 0.96) and nearly equal for bilirubin (0.31 v 0.39) compared with Malinchoc's coefficients (table 5) .
DISCUSSION
Establishment of prognostic factors is the key towards evaluating clinical interventions in any disease. The most commonly used prognostic model in patients with cirrhosis is the CPS. Modifications of CPS either by adding new variables or by employing more sophisticated measures did not improve its precision [29] [30] [31] [32] [33] [34] or applicability. [35] [36] [37] [38] A new approach is the MELD formula which is used mostly in patients with end stage cirrhosis awaiting liver transplantation. In our study, the predictive value of baseline patient characteristics and determinants of both scores were evaluated in a large cohort of 475 patients who underwent elective TIPS placement within 10 years. In previous publications, all individual variables of both prognostic scores and the scores themselves have been found to correlate with survival. 4 7 15-19 21 In our study, all individual determinants of CPS and MELD (except for the cause of cirrhosis) correlated with survival by univariate analysis, and multivariate Cox analysis identified four independent prognostic factors for overall survival: level of serum creatinine was the strongest predictor, followed by bilirubin, patient age, and presence of refractory ascites. The key finding was identification of renal function as the best predictor of survival in patients with end stage liver cirrhosis.
End stage liver disease or events such as bleeding, infection, and high dose diuretic therapy have effects on renal function and may cause functional renal impairment. In patients presenting with a high CPS class, the impact of impaired renal function on survival is well known. 33 39 Seventy seven per cent of our patients were of Child-Pugh class A or B, and multivariate analysis showed that levels of serum creatinine correlated with survival in patients with apparently normal renal function (serum creatinine within the normal range). This finding suggests that the level of creatinine is a prognostic marker even in patients with good liver synthetic function and normal renal function. TIPS implantation leads to improvement in renal function 40 and to reduction or resolution of ascites.
2 Despite the therapeutic benefit of TIPS, creatinine levels were an independent predictor of death after TIPS implantation.
INR correlated with survival in univariate analysis but multivariate analysis showed that the prognostic impact of coagulation parameters on overall survival was not an independent predictor in our patients. INR was used in the MELD score because it can be used as an uniform coagulation parameter all over the world. 41 42 Although coagulation parameters are sensible individual markers of liver synthetic function, the value of INR-also supported by our study-as a parameter of liver function is, at the least, controversial. 23 43 44 Multivariate analysis yielded two variables of MELD (creatinine and bilirubin) as well as two variables of CPS (ascites and bilirubin) as predictors of survival. We therefore compared both scores with each other. MELD was found to be an independent predictor of overall survival because of the strong impact of creatinine on long term survival, which is not a variable of the CPS. We also tried to improve the CPS by adding serum creatinine as a sixth variable but were unable to improve it significantly beyond MELD. 45 With longer follow up, a decrease in the predictive power of both scores was observed. Unpredictable complications such as stenoses of TIPS, development of malignant tumours, or non-liver related events influence the long term predictive value of both scores. The aim of the original MELD study 20 and the MELD study was not to predict overall survival, but three month survival, 20 and one month, three month, and one year survival, 21 respectively. For these time points, no significant difference in the predictive power between the two scores was found in our patients. In the MELD study, 21 the area under the curve for three month survival for 282 hospitalised cirrhotic patients was found to be 0.84 (CPS) and 0.87 (MELD), which indicates excellent diagnostic accuracy 21 for both scores. In these patients, as well as in our patients, both scores were shown to be equally predictive.
Although both scores were able to predict survival in our patients, both have several shortcomings. The drawbacks of CPS are well known 36 and led to the development of the MELD score. This study demonstrates that MELD also has several shortcomings. The original MELD formula 20 was modified by dropping the variable "cause of cirrhosis". 21 46 47 However, the formula was not reassessed nor was the weight for the regression coefficients re-evaluated. Therefore, we recalculated the MELD formula and evaluated regression coefficients. Although creatinine was the strongest predictor of survival in our patients, its weight seems to have been overestimated in the original formula. This may be caused by a smaller number of patients in the sample of the MELD publication 20 compared with our patient sample. While the value of bilirubin was confirmed, neither INR nor the cause of cirrhosis had any prognostic significance in our patients.
Previously, a MELD score of 18 was identified as a threshold for high risk patients with a median survival time of three months or less, but only 19% of patients who died within three months after TIPS placement had a MELD score >18. This clearly shows a poor ability of MELD to rank patients into groups of high and low risk. In our patients, the threshold for MELD was found to be lower (>14) than the original threshold (>18), increasing the sensitivity of MELD from 19% to 34%. For CPS, we identified a threshold of >11 for high risk patients with a median survival of three months or less. Using this cut off, 33% of patients who died within three months after TIPS had a CPS >11 (sensitivity 33%, specificity 94%). Our data therefore suggest that these cut off levels may be used to help with the decision of who should receive TIPS.
In patients undergoing TIPS, a prognostic score should stratify patients into those with a good prognosis and those who probably should not undergo the procedure because of the high risk of early death. The advantage of MELD is its reproducibility, objectivity, and ability to stratify patients according to their individual risk. Thus MELD appears to be better than CPS as a disease severity index for allocating organs for patients undergoing liver transplantation. As TIPS is available for all patients and there is no need to rank these patients according to disease severity, CPS seems to be a more than adequate score for patients undergoing TIPS. CPS is well established, easy to perform at the bedside, and can reliably stratify patients undergoing TIPS into high and low risk. While the CPS is seasoned, it is not yet ready to retire. 
